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CHAPTER 3 
 
 
TWO STAGES SPLICING SYSTEM  
 
 
3.1 INTRODUCTION   
 
In this chapter, the concept of splicing system is mathematically and biologically 
investigated and generalized up to two stages.  The aim of this chapter is to introduce 
the concepts of splicing system at two stages as well as presenting the existence 
relations between the generated splicing languages at stage one and stage two.   
Therefore, to achieve this objective some mathematical theorems and lemmas are 
provided and proven.  Furthermore, an example is provided to show the biological 
process of DNA splicing at two stages.  First of all, some preliminaries related to this 
study are stated in the following section.  
     
3.2 PRELIMINARIES  
 
In this section, some definitions and concepts related to this research are 
presented.  The definition of palindromic string which was introduced by Yusof (2012) 
is stated. 
 
Definition 3.1: Palindromic (Yusof, 2012) 
A string I of dsDNA is said to be palindromic if the sequence from the left side of the 
upper single strand is equal with the sequence from the right side of the lower single 
strand.□  
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For example, the dsDNA  
5 ... ...3
3 ... ...5
CGAGCTCG
GCTCGAGC
 
 
 is palindromic, since the sequence from 
left to the right side of the upper single strand is equal to the sequence of the lower 
single strand from right to the left side.  
 
The rule in splicing system has three parts:  left context, crossing site and right 
context.  For example, in the rule of  , ,a x b , where , , ,a x b A  the three strings ,a  x  
and b are called left context, crossing site and right context, respectively. Therefore, 
being disjointed the crossing of the splicing rules in a splicing system has an effect on 
the number of generating splicing languages as well as on persistency and permanency 
of splicing system and splicing languages which will be discussed in the next chapter.  
Hence, this concept is defined below.  
 
Definition 3.2: Crossing Disjoint (Gatterdam, 1989) 
A splicing system  , , , S A I B C  is a crossing disjoint if there exist no patterns 
 , ,a x b in B and  , ,c x d  in C with same crossing x .□ 
For example, the splicing system       , , , , , , , , , , , S a g c t I B c cg g t ta a C  
 
    is 
crossing disjoint due to its rules which have different crossing sites.  
 
In the next section the concept of two stages in splicing system is introduced and 
discussed.    
     
3.3 THE CONCEPT OF TWO STAGES IN SPLICING SYSTEM  
 
In real sense, sometimes it is not sufficient to manipulate the genome sequences 
to produce the new genome sequences only at stage one and it will need another 
manipulating operation to remove the parts of genome sequences and generate new 
paths of genomes.  This work can be achieved by applying a restriction enzyme on the 
initial strand of DNA.  The fragments of DNA molecules at the existence of ligase can 
be re-joined with their complementary ends to form new DNA molecules.  For example, 
if there are two DNA molecules which represents two different plants with different 
colours, then after cutting DNA by restriction enzymes and re-ligating the fragments by 
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ligase, the hybrid DNA will be formed, which shows a plant with unique colour.  
Naturally, the recombinant DNA molecules can be split by the existence of RE to 
produce new DNA molecules at stage two. Therefore, generating new DNA molecules 
at stage two depend on the recognition sites of initial DNA strand.  As a result, it is 
sufficient to achieve the manipulating action for a DNA strand by having one 
recognition site only at stage one, since it does not bring any changes to the sequence of 
DNA molecules at stage two.  However, if the initial DNA strand has two recognition 
sequences, the manipulation process can be accomplished at the second stage, and new 
DNA molecules will be produced.  Since running the wet-lab experiment up to n-stages 
( 1n  ) can incur a lot of expenses and time consuming, therefore, the recombinant 
DNA strands of initial DNA molecules are predicted mathematically so that the 
biologists can use this mathematical consideration as their pre-processing or hypothesis 
of conducting wet-lab experiments.   
 
Mathematically, a splicing system is the form  , ,S A I R , where A  is the set of 
four alphabets , ,a g c  and t , I  is the set of initial strings of double- stranded DNA and 
R  is the set of splicing rules that indicates the set of enzymatic operation.  The 
languages that are produced by splicing system are called splicing languages.  In other 
words, this set of splicing languages can be produced by splicing process (cutting and 
pasting) that is considered as stage one splicing languages. It consists of initial string(s) 
and all new splicing languages which can be resulted by splicing.  The second- stage 
recombinant process among the resulted splicing languages at stage one, can also be 
carried out based on the above biological consideration.  Therefore, the set of stage two 
splicing languages contain the set of stage one splicing languages.  In this study, the 
concept of splicing language is generalized up to stage two based on Y-G splicing 
system. If  L L S  represents the set of splicing languages that will arise by splicing 
of the initial strings at the existence of appropriate rules and  L L S  represents the 
set of those splicing languages which are produced by splicing of the resulted splicing 
languages, then the union of these two sets of splicing languages is presented in the 
form of ( ) ( )L S L S , which forms the two stages splicing languages.  Hence, the 
process of DNA recombination up to stage two is considered by splicing operation and 
the splicing languages is defined as two stages splicing languages.  
